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ScienceDirectPregnancy involves a progressive increase in insulin resistance
and the b-cells must adapt to compensate and prevent
gestational diabetes (GDM). In this review we discuss the
evidence for placental peptides, including placental lactogen,
hepatocyte growth factor, adiponectin and leptin, playing a role
in the islet adaptation to pregnancy. The difficulties of
translating data from rodent models into human pregnancy are
covered and we summarise studies investigating associations
between serum placental peptides and GDM risk. In
conclusion, current data support important roles for placental
peptides interacting to support b-cells during pregnancy,
however mechanisms involved in humans are unclear. Further
work in humans is required, but placental peptides have clinical
potential from both a diagnostic and therapeutic perspective.
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Introduction
During a healthy pregnancy insulin sensitivity falls
with gestational age. This physiological change prior-
itises the delivery of glucose across the placenta for
fetal development. However, this poses a dilemma for
the maternal metabolism to balance providing for the
energy requirements of the growing fetus, while simul-
taneously maintaining maternal glucose homeostasis.
In a healthy mother the insulin resistance is countered
by adaptive changes in pancreatic islets to allow
increased insulin secretion, including an increased
b-cell mass. Failure of the insulin-releasing b-cells to
sufficiently adapt and compensate for the increased
metabolic demand in pregnancy leads to developmentwww.sciencedirect.com of glucose intolerance, hyperglycaemia and gestational
diabetes mellitus (GDM).
Gestational diabetes
The rapid worldwide increase in the prevalence of type
2 diabetes mellitus (T2DM) is well-documented, but it is
less appreciated that the incidence of GDM is also rapidly
rising in parallel with the T2DM pandemic. It is currently
estimated worldwide that 21.3 million pregnancies per
year (16.2% of total pregnancies) are affected by some
form of hyperglycaemia, with 86.4% of those cases due to
GDM (IDF Diabetes Atlas: https://www.idf.org/e-library/
epidemiology-research/diabetes-atlas/134-idf-diabetes-
atlas-8th-edition.html). Maternal GDM has conse-
quences for the mother and developing fetus, including
placental insufficiency because of preeclampsia, macro-
somia (birth weight >90th centile), birth injury and
neonatal hyperinsulinism and hypoglycaemia. Epidemi-
ological and experimental studies have also demonstrated
that the GDM intra-uterine environment can increase
susceptibility of the offspring to later life T2DM and
cardiovascular disease, whilst in mothers GDM is associ-
ated with the subsequent development of T2DM.
At present GDM is diagnosed through routine oral glu-
cose tolerance testing at 24–28 weeks of gestation, once
impaired glucose tolerance has developed. Therapeuti-
cally GDM is primarily treated with either insulin injec-
tions or metformin, though the use of insulin analogs
which do not cross the placenta have also been suggested
[1]. Given the range of acute and potentially chronic
consequences of GDM for both mother and child, there
is currently great interest in developing diagnostic tools
for predicting high GDM risk earlier in pregnancy, thus
allowing time for intervention. Additionally, the identifi-
cation of additional therapeutic targets is of keen interest
for investigation.
Placental peptides
GDM is primarily the result of insufficient islet adapta-
tion and an inability to increase insulin secretory capacity
to compensate for increased insulin resistance. In normal
pregnancy b-cells adapt in several respects to increase
functionality. In rodent models these mechanisms
include increased insulin synthesis and release, increased
glucose responsiveness, increased cell–cell communica-
tion, hypertrophy, increased proliferation and reduced
apoptosis, resulting in an overall increase in b-cell mass.Current Opinion in Pharmacology 2018, 43:59–65
60 Endocrine and metabolic diseasesThe b-cell adaptation in human pregnancy is more con-
troversial, particularly concerning b-cell proliferation, but
broadly speaking a similar pattern is observed with
increased insulin release and increased b-cell mass. Thus,
understanding the signals and mechanisms that regulate
the islet adaptation to pregnancy and the reasons for these
mechanisms failing in GDM warrants further
investigation.
The placenta plays many essential roles during preg-
nancy, including supporting and protecting the fetus,
and the supply of nutrients and gas exchange. The
placenta also acts as an essential endocrine organ,
producing and releasing hormones and mediators into
the maternal circulation to maintain pregnancy.
Increasing evidence suggests that several placental
hormones play a role in communicating with maternal
b-cells to regulate the islet adaptation necessary for a
healthy pregnancy.
The effects of steroid hormones released from the pla-
centa, including oestrogens, progestogens and glucocor-
ticoids, on glucose homeostasis are complex and still
controversial. Oestrogens have been implicated in the
islet adaptation to pregnancy, through both direct and
indirect protective effects on b-cells [2]. Effects of pro-
gestogens appear to vary with concentration and the
presence of other hormones [2], and further work is
required to understand their role. The placenta also
releases a much wider range of peptide hormones into
the maternal circulation that may influence the islet
adaptation to pregnancy. Despite b-cells expressing cog-
nate receptors for many of these ligands, only a few have
been investigated for possible effects during pregnancy.
Thus, this review will summarise the placental peptides
currently thought to play a role in the islet adaptation to
pregnancy and discuss whether these peptides may rep-
resent useful biomarkers for early determination of GDM
risk.
Lactogenic hormones
The lactogenic hormones, prolactin (PRL) and placen-
tal lactogen (PL), are the most extensively studied
hormones involved in the islet adaptation to pregnancy.
During early pregnancy PRL is released from the
maternal anterior pituitary, but following placentation
maternal circulating levels of PRL fall and PL released
from the placenta becomes the dominant lactogenic
signal during peak b-cell adaptation. Both PRL and PL
exert effects through the prolactin receptor (PRLR),
which is expressed specifically on the b-cell of rodent
islets [3].
The role of PL in the islet adaptation to pregnancy was
initially implicated largely through studies demonstrating
that lactogens increased glucose-induced insulin secre-
tion, b-cell proliferation and survival in isolated rodentCurrent Opinion in Pharmacology 2018, 43:59–65 islets [4–6]. Global homozygous Prlr knockout mice
exhibit reproductive dysfunction [7], so are unsuitable
for pregnant studies. However, heterozygous Prlr+/
mice are fertile and have impaired glucose tolerance
and reduced b-cell mass during pregnancy [8], but also
adipose tissue effects that influence glucose homeostasis.
The recently established b-cell specific Prlr knockout
mouse (bPRLR-KO)provides the best evidence for the
role of lactogenic hormones in b-cell adaptation.
Although bPRLR-KO mice have normal glucose toler-
ance outside of pregnancy, they become progressively
glucose intolerant during gestation, with corresponding
failure of b-cell proliferation [9].
The intracellular mechanisms activated by lactogenic
hormones in vitro closely reflect pregnant changes,
including glucokinase upregulation [10] and pro-prolifer-
ative and anti-apoptotic signalling pathways [11,12]. The
lactogenic hormones also stimulate b-cell production of
serotonin during pregnancy [13], which appears to play a
critical local role in regulating b-cell mass [14], mediating
the effects of prolactin (Table 1).
Given the role for lactogenic hormones in rodent preg-
nancy, there is ongoing research to determine whether
similar mechanisms are also relevant in human b-cells.
Human PLs are derived from duplications of the hGH gene,
whilst rodent PLs are evolved from the prolactin gene [15],
and the Prlr gene is significantly enriched in mouse b-cells
compared to human, perhaps indicating a lesser role in
human b-cell adaptation [16,17]. Treatment of human
islets with lactogenic hormones potentiates glucose-stim-
ulated insulin secretion [18], but the effects on b-cell
proliferation are more controversial. Increased prolifera-
tion, as assessed by BrdU incorporation, has been reported
in human islets in response to PL and PRL [18], but more
recent studies have been unable to replicate this effect [19].
It is also unclear whether serum PRL or PL associates
with GDM pathophysiology. Several studies have inves-
tigated possible links, but the majority found no signifi-
cant correlation between maternal PRL or PL and GDM
[20], although counter-intuitively an association
between high maternal prolactin and reduced glucose
tolerance has recently been reported [21]. Despite the
apparent lack of association to GDM risk, low PRL or PL
levels have been associated with reduced glucose toler-
ance post-partum and an increased risk of subsequent
pre-diabetes/diabetes [22], suggesting that the lacto-
genic hormones do play some role in human pregnancy.
Hepatocyte growth factor
Hepatocyte growth factor (HGF), acting via the c-Met
receptor, has also been implicated in the islet adaptation
to pregnancy. Normally HGF is released from endothelial
cells in the islet vasculature to exert local effects on the
b-cells [23], however during pregnancy high levels ofwww.sciencedirect.com
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Table 1
Effects of placental peptides investigated in rodent and human islets that may potentially play a role in the islet adaptation to pregnancy
and the development of GDM
Placental signal Effects on rodent islets Effects on human islets Correlation with GDM
Placental lactogen Increased glucose stimulated
insulin secretion, increased
proliferation and pro-survival
effects, upregulation of islet
serotonin
Controversial, but some studies report
increased glucose-stimulated insulin
secretion and proliferation
No significant correlation/high
PL associated with increased
GDM risk
HGF Pro-proliferative and anti-
apoptotic effects
Anti-apoptotic effects in human fetal
islets and transplanted human islet
grafts
High HGF associated with
increased GDM risk in obese
women
Leptin Reduced glucose-induced
insulin secretion and potentially
b-cell atrophy
Reduced glucose-induced insulin
secretion, effects on b-cell mass
unknown
High leptin associated with
increased GDM risk
Adiponectin Increased glucose-stimulated
insulin secretion and b-cell mass
No effect on insulin secretion, effects on
b-cell mass unknown
Low adiponectin associated with
GDM risk
Kisspeptin Increased glucose-induced
insulin secretion, effects on
b-cell mass unknown
Increased glucose-induced insulin
secretion, effects on b-cell mass
unknown
Low kisspeptin associated with
GDM riskcirculating HGF are also released from the placenta [24].
Loss of pancreatic c-Met signalling has no significant
effect on glucose homeostasis outside of pregnancy
[25], but results in reduced b-cell proliferation and
increased apoptosis during pregnancy, with consequently
reduced plasma insulin and impaired glucose tolerance
[26]. Interestingly, pancreatic c-Met knockout mice also
lack the increase in islet Prlr levels seen in normal
pregnancy, suggesting that HGF may represent an
upstream factor regulating PRLR signalling [26].
Whilst few studies have examined effects of HGF on
human islet function in relation to pregnancy, HGF does
stimulate proliferation in human fetal b-cells [27] and
improves graft survival of human islets through anti-
apoptotic effects in islet transplantation models [28,29].
Despite these effects of HGF in human b-cells, there
does not appear to be any correlation between serum
HGF levels and GDM progression across the whole
population [30]. However, obese women generally have
significantly higher placental HGF levels when compared
to control women [31], and specifically among obese
women high serum HGF is associated with a 4.5-fold
higher risk of developing GDM [30].
Given the proliferative and pro-survival effects of HGF
on b-cells it is surprising that high HGF appears to be
deleterious. The relative contributions of placental and
endothelial HGF on b-cell adaptation are unclear. As
placental HGF rises through gestation, islet endothelial
cells also proliferate, increasing local HGF. This has been
identified as a possible mechanism for coordinating vas-
cular and b-cell function in pregnancy [23]. Given that
raised placental HGF associates with increased GDM risk
in obese women, local endothelial cell-derived HGF
could be the primary driver of b-cell responses. Highwww.sciencedirect.com HGF does associate with GDM risk in obese women and
as such may be a useful biomarker for GDM generally,
but it is unlikely to be an indicator of b-cell adaptation.
Adipokines
The adipokines are signalling molecules secreted by the
adipocytes that regulate processes including atherosclero-
sis, inflammation, appetite and glucose homeostasis. The
adipokines are present at increasing levels as adipose tissue
expands in obesity and several adipokines, including leptin,
adiponectin, visfatin, chemerin and omentin-1 have been
implicated in the development of T2DM [32]. Leptin and
adiponectin are also released at high levels from the pla-
centa into the maternal circulation and, although they are
more commonly linked to effects on food intake or insulin
sensitivity, they have additional direct effects on b-cells.
Adiponectin has primarily been studied as a regulator of
insulin sensitivity, but both human and rodent b-cells
express the adiponectin receptors AdipoR1 and AdipoR2
[33]. Adiponectin has been shown to stimulate insulin
secretion from mouse islets both in vitro and in vivo
[34,35], although the same effect is not observed in
human islets [36]. Pregnant adiponectin knockout mice
have reduced b-cell mass and insulin deficiency, though
despite this they are able to maintain normal plasma
insulin levels [37]. However, these mice also display
increased triglyceride production, hyperlipidaemia and
increased hepatic glucose, which makes assessing the
relative importance of b-cell-specific adiponectin signal-
ling on glucose tolerance difficult [37].
Clinical studies have found decreased serum adiponectin
in women with GDM compared to women with healthy
pregnancies [38–41]. Placental adiponectin expression is
also downregulated in GDM, suggesting that reducedCurrent Opinion in Pharmacology 2018, 43:59–65
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placental, as opposed to adipocyte, secretion [42]. Whilst
adiponectin clearly regulates b-cell adaptation to preg-
nancy, it also has a well-established role in increasing
insulin sensitivity. Whether the link between circulating
adiponectin and GDM risk is the consequence of one or
both of these mechanisms is currently unclear, but first
trimester adiponectin has been suggested as a potentially
useful biomarker for predicting GDM [43].
The hypothalamic effects of leptin to regulate food
intake, with subsequent effects on adiposity, insulin
resistance and glucose tolerance are well-established.
However, mouse and human b-cells also express several
isoforms of the leptin receptor [44]. Leptin reduces
glucose-induced insulin secretion in isolated mouse islets
[45,46] when administered to mice in vivo [47] and in
isolated human islets [47,48]. Mice heterozygous for the
leptin receptor (db/+) develop GDM during pregnancy,
with associated glucose intolerance and macrosomia,
though they also exhibit increased weight gain and adi-
posity [49]. Whether the impaired glucose tolerance is
due to direct b-cell effects or secondary to hypothalamic
effects of leptin is unknown. Mice with b-cell-specific
leptin receptor knockout show mildly improved glucose
tolerance, enhanced glucose-stimulated insulin secretion
and increased b-cell mass through hypertrophy [50,51],
but have not yet been studied in pregnancy.
There is a well-established association between raised
serum leptin and increased GDM risk [52,53], which has
resulted in leptin having also been proposed as a first
trimester biomarker for establishing GDM risk [52,54].
Similar to adiponectin, circulating leptin in pregnancy
may be derived from either the placenta or the adipo-
cytes, but leptin expression is increased in GDM placenta
[55–57]. As with adiponectin, the relative importance of
the b-cell and the hypothalamic effects of leptin on GDM
risk is unclear.
Novel signals
The signals described above are all placental derived
hormones whose potential role in mediating the islet
adaptation to pregnancy has been established to some
extent. However, it is worth noting that the placenta
produces and secretes a very wide range of different
peptide hormones into the maternal circulation. G-pro-
tein coupled receptors (GPCRs) represent the most abun-
dant family of cell surface receptors and mouse and
human islets express 279 and 293 different GPCRs
respectively [58]. Additionally the mouse placenta
expresses mRNA for 79 different endogenous GPCR
ligands, the majority of which have at least one cognate
receptor on the islets [59]. As yet unidentified signals
may also play a significant role in the communication
between placenta and b-cells.Current Opinion in Pharmacology 2018, 43:59–65 Kisspeptin represents one placental GPCR ligand that
potentially plays a role in the b-cell adaptive response to
pregnancy. Under normal physiological conditions kis-
speptin is primarily a hypothalamic signal involved in
regulating reproductive function, but during pregnancy
serum levels increase several-thousand fold due to pla-
cental release [60]. Both mouse and human islets express
the kisspeptin receptor, GPR54 [61], and kisspeptin
stimulates glucose-stimulated insulin secretion in iso-
lated mouse and human islets [62,63]. Unfortunately,
due to the role of kisspeptin in reproductive function,
global GPR54 knockout mice are infertile and unsuitable
for pregnancy studies [64]. However, upcoming studies in
b-cell specific GPR54 knockout mice show impaired
glucose tolerance and reduced glucose-stimulated insulin
secretion during pregnancy (T. Hill, abstract in Diabetic
Medicine 2017, 34(S1): 27–28). Furthermore, clinical
studies have shown that serum kisspeptin is significantly
lower in GDM [65] and can be safely administered in
humans to stimulate glucose-stimulated insulin secretion
[66]. More work is required to determine whether
kisspeptin represents a potentially important signal to
add to the established factors described above.
Conclusions
There is a growing body of evidence linking placental
peptides to rodent b-cell adaptation to pregnancy. How-
ever, the major challenge going forward is understanding
how these mechanisms translate to human pregnancy.
How human b-cells adapt to pregnancy is still poorly
understood, particularly in terms of b-cell mass. Post-
mortem studies indicate that b-cell mass increases during
human pregnancy, but the mechanisms remain contro-
versial. The limited data suggests b-cell proliferation
does not increase in human pregnancy, as assessed by
Ki67 staining, and neogenesis is more important in
humans [67]. These conclusions are based on autopsy
samples from different time-points when there may not
have been active proliferation, but they demonstrate the
difficulties in translating results from rodent models into
humans. The core principles associated with b-cell adap-
tation in rodents also appear to be conserved to at least
some extent in human pregnancy, though a clearer under-
standing of this is key for future advances.
Understanding the signals involved in regulating the
human b-cell response to pregnancy is of great interest
for both potential diagnostic and therapeutic benefits.
There are ongoing efforts to develop a panel of biomark-
ers to identify mothers at high risk of GDM before
glucose intolerance develops. Most currently suggested
biomarkers are steroid hormones and metabolites [52],
but peptide hormones may be a useful addition. Adipo-
nectin and leptin would appear the most promising can-
didates to screen for and identify GDM risk, whilst
kisspeptin represents a novel candidate that may also
be promising with further research.www.sciencedirect.com
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required. The PL, HGF and the adipokines have off-
target effects and may consequently not be useful as
therapies. Perhaps the most promising therapeutic can-
didates are novel placental GPCR ligands. One-third of
all prescription drugs in use target GPCRs, including
GLP-1 receptor agonists for T2DM, placental GPCR
ligands could include as yet unidentified therapeutics.
Indeed kisspeptin has recently been shown to safely
stimulate glucose-induced insulin secretion in humans
[66] and is currently the subject of clinical trials (NIH
Clinical Trials: https://clinicaltrials.gov/ct2/show/study/
NCT02953834) which may be of future use in pregnancy.
In summary, key placental peptides have been identified to
play roles in regulating the islet adaptation to pregnancy in
rodent models. Some signals may be of diagnostic use in
biomarker screening for GDM risk. However, our under-
standing of b-cell adaptation to pregnancy in humans is still
at a relatively early stage and further studies are required to
identify potentially safe and effective therapeutics.
Conflict of interest
Nothing declared.
Acknowledgements
The authors and their work in this area is supported by grant funding from
the Wellcome Trust (grant number 108064/Z/15/Z), the BBSRC (grant
number BB/N00616X/1) and the Diabetes Research and Wellness
Foundation.
References and recommended reading
Papers of particular interest, published within the period of review,
have been highlighted as
 of special interest
 of outstanding interest
1. Hedrington MS, Davis SN: The care of pregestational and
gestational diabetes and drug metabolism considerations.
Expert Opin Drug Metab Toxicol 2017, 13:1029-1038.
2. Mauvais-Jarvis F: Role of sex steroids in beta cell function,
growth, and survival. Trends Endocrinol Metab 2016, 27:844-
855.
3. Brelje TC, Svensson AM, Stout LE, Bhagroo NV, Sorenson RL: An
immunohistochemical approach to monitor the prolactin-
induced activation of the JAK2/STAT5 pathway in pancreatic
islets of Langerhans. J Histochem Cytochem 2002, 50:365-383.
4. Parsons JA, Brelje TC, Sorenson RL: Adaptation of islets of
Langerhans to pregnancy: increased islet cell proliferation
and insulin secretion correlates with the onset of placental
lactogen secretion. Endocrinology 1992, 130:1459-1466.
5. Sorenson RL, Brelje TC: Adaptation of islets of Langerhans to
pregnancy: beta-cell growth, enhanced insulin secretion and
the role of lactogenic hormones. Horm Metab Res 1997, 29:301-
307.
6. Sorenson RL, Brelje TC, Roth C: Effects of steroid and
lactogenic hormones on islets of Langerhans: a new
hypothesis for the role of pregnancy steroids in the adaptation
of islets to pregnancy. Endocrinology 1993, 133:2227-2234.
7. Ormandy CJ, Camus A, Barra J, Damotte D, Lucas B, Buteau H,
Edery M, Brousse N, Babinet C, Binart N et al.: Null mutation of
the prolactin receptor gene produces multiple reproductive
defects in the mouse. Genes Dev 1997, 11:167-178.www.sciencedirect.com 8. Huang C, Snider F, Cross JC: Prolactin receptor is required for
normal glucose homeostasis and modulation of beta-cell
mass during pregnancy. Endocrinology 2009, 150:1618-1626.
9.

Banerjee RR, Cyphert HA, Walker EM, Chakravarthy H, Peiris H,
Gu X, Liu Y, Conrad E, Goodrich L, Stein RW et al.: Gestational
diabetes mellitus from inactivation of prolactin receptor and
MafB in islet beta-cells. Diabetes 2016, 65:2331-2341.
This study generates a b-cell specific PRLR knockout mouse and shows
that loss of b-cell lactogen signalling results in gestational diabetes.
10. Weinhaus AJ, Stout LE, Sorenson RL: Glucokinase, hexokinase,
glucose transporter 2, and glucose metabolism in islets during
pregnancy and prolactin-treated islets in vitro: mechanisms
for long term up-regulation of islets. Endocrinology 1996,
137:1640-1649.
11. Banerjee RR: Piecing together the puzzle of pancreatic islet
adaptation in pregnancy. Ann N Y Acad Sci 2018, 1411:120-139.
12. Rieck S, Kaestner KH: Expansion of beta-cell mass in response
to pregnancy. Trends Endocrinol Metab 2010, 21:151-158.
13. Schraenen A, Lemaire KdeFG, Hendrickx N, Granvik M, Van LL,
Mallet J, Vodjdani G, Gilon P, Binart N et al.: Placental lactogens
induce serotonin biosynthesis in a subset of mouse beta cells
during pregnancy. Diabetologia 2010, 53:2589-2599.
14. Kim H, Toyofuku Y, Lynn FC, Chak E, Uchida T, Mizukami H,
Fujitani Y, Kawamori R, Miyatsuka T, Kosaka Y et al.: Serotonin
regulates pancreatic beta cell mass during pregnancy. Nat
Med 2010, 16:804-808.
15. Haig D: Placental growth hormone-related proteins and
prolactin-related proteins. Placenta 2008, 29:S36-S41.
16. Benner C, van der Meulen T, Caceres E, Tigyi K, Donaldson CJ,
Huising MO: The transcriptional landscape of mouse beta cells
compared to human beta cells reveals notable species
differences in long non-coding RNA and protein-coding gene
expression. BMC Genomics 2014, 15:620.
17. Xin Y, Kim J, Okamoto H, Ni M, Wei Y, Adler C, Murphy AJ,
Yancopoulos GD, Lin C, Gromada J: RNA sequencing of single
human islet cells reveals type 2 diabetes genes. Cell Metab
2016, 24:608-615.
18. Brelje TC, Scharp DW, Lacy PE, Ogren L, Talamantes F,
Robertson M, Friesen HG, Sorenson RL: Effect of homologous
placental lactogens, prolactins, and growth hormones on islet
B-cell division and insulin secretion in rat, mouse, and human
islets: implication for placental lactogen regulation of islet
function during pregnancy. Endocrinology 1993, 132:879-887.
19. Chen H, Kleinberger JW, Takane KK, Salim F, Fiaschi-Taesch N,
Pappas K, Parsons R, Jiang J, Zhang Y, Liu H et al.: Augmented
Stat5 signaling bypasses multiple impediments to lactogen-
mediated proliferation in human beta-cells. Diabetes 2015,
64:3784-3797.
20. Retnakaran R, Ye C, Kramer CK, Connelly PW, Hanley AJ,
Sermer M, Zinman B: Evaluation of circulating determinants of
beta-cell function in women with and without gestational
diabetes. J Clin Endocrinol Metab 2016, 101:2683-2691.
21.

Ekinci EI, Torkamani N, Ramchand SK, Churilov L, Sikaris KA,
Lu ZX, Houlihan CA: Higher maternal serum prolactin levels are
associated with reduced glucose tolerance during pregnancy.
J Diabetes Investig 2017, 8:697-700.
Previous clinical studies have generally found now association between
serum lactogenic hormones, but this recent study suggests that high
maternal lectogens may associate with GDM risk.
22.

Retnakaran R, Ye C, Kramer CK, Connelly PW, Hanley AJ,
Sermer M, Zinman B: maternal serum prolactin and prediction
of postpartum beta-cell function and risk of prediabetes/
diabetes. Diabetes Care 2016, 39:1250-1258.
This clinical study finds that whilst the lactogenic hormones do not appear
to associate with GDM risk, there is an intriguing correlation between low
serum PRL/PL and post-partum beta-cell function.
23. Johansson M, Mattsson G, Andersson A, Jansson L, Carlsson PO:
Islet endothelial cells and pancreatic beta-cell proliferation:
studies in vitro and during pregnancy in adult rats.
Endocrinology 2006, 147:2315-2324.Current Opinion in Pharmacology 2018, 43:59–65
64 Endocrine and metabolic diseases24. Horibe N, Okamoto T, Itakura A, Nakanishi T, Suzuki T, Kazeto S,
Tomoda Y: Levels of hepatocyte growth factor in maternal
serum and amniotic fluid. Am J Obstet Gynecol 1995, 173:937-
942.
25. Mellado-Gil J, Rosa TC, Demirci C, Gonzalez-Pertusa JA,
Velazquez-Garcia S, Ernst S, Valle S, Vasavada RC, Stewart AF,
Alonso LC et al.: Disruption of hepatocyte growth factor/c-Met
signaling enhances pancreatic beta-cell death and
accelerates the onset of diabetes. Diabetes 2011, 60:525-536.
26. Demirci C, Ernst S, Alvarez-Perez JC, Rosa T, Valle S, Shridhar V,
Casinelli GP, Alonso LC, Vasavada RC, Garcia-Ocana A: Loss of
HGF/c-Met signaling in pancreatic beta-cells leads to
incomplete maternal beta-cell adaptation and gestational
diabetes mellitus. Diabetes 2012, 61:1143-1152.
27. Beattie GM, Rubin JS, Mally MI, Otonkoski T, Hayek A: Regulation
of proliferation and differentiation of human fetal pancreatic
islet cells by extracellular matrix, hepatocyte growth factor,
and cell–cell contact. Diabetes 1996, 45:1223-1228.
28. Fiaschi-Taesch N, Stewart AF, Garcia-Ocana A: Improving islet
transplantation by gene delivery of hepatocyte growth factor
(HGF) and its downstream target, protein kinase B (PKB)/Akt.
Cell Biochem Biophys 2007, 48:191-199.
29. Yeung TY, Seeberger KL, Kin T, Adesida A, Jomha N, Shapiro AM,
Korbutt GS: Human mesenchymal stem cells protect human
islets from pro-inflammatory cytokines. PLOS ONE 2012, 7:
e38189.
30. Dishi M, Hevner K, Qiu C, Fida NG, Abetew DF, Williams MA,
Enquobahrie DA: Early pregnancy maternal hepatocyte growth
factor and risk of gestational diabetes. Br J Med Med Res 2015,
9.
31. Visiedo F, Bugatto F, Carrasco-Fernandez C, Saez-Benito A,
Mateos RM, Cozar-Castellano I, Bartha JL, Perdomo G:
Hepatocyte growth factor is elevated in amniotic fluid from
obese women and regulates placental glucose and fatty acid
metabolism. Placenta 2015, 36:381-388.
32. Rabe K, Lehrke M, Parhofer KG, Broedl UC: Adipokines and
insulin resistance. Mol Med 2008, 14:741-751.
33. Kharroubi I, Rasschaert J, Eizirik DL, Cnop M: Expression of
adiponectin receptors in pancreatic beta cells. Biochem
Biophys Res Commun 2003, 312:1118-1122.
34. Cantley J: The control of insulin secretion by adipokines:
current evidence for adipocyte-beta cell endocrine signalling
in metabolic homeostasis. Mamm Genome 2014, 25:442-454.
35. Okamoto M, Ohara-Imaizumi M, Kubota N, Hashimoto S, Eto K,
Kanno T, Kubota T, Wakui M, Nagai R, Noda M et al.: Adiponectin
induces insulin secretion in vitro and in vivo at a low glucose
concentration. Diabetologia 2008, 51:827-835.
36. Staiger K, Stefan N, Staiger H, Brendel MD, Brandhorst D,
Bretzel RG, Machicao F, Kellerer M, Stumvoll M, Fritsche A et al.:
Adiponectin is functionally active in human islets but does not
affect insulin secretory function or beta-cell lipoapoptosis. J
Clin Endocrinol Metab 2005, 90:6707-6713.
37.

Qiao L, Wattez JS, Lee S, Nguyen A, Schaack J, Hay WW Jr,
Shao J: Adiponectin deficiency impairs maternal metabolic
adaptation to pregnancy in mice. Diabetes 2017, 66:1126-1135.
This recent study investigates the effects of global adiponectin deficiency
on glucose homeostasis in pregnant mice, including effects on the islets.
38. Bhograj A, Suryanarayana KM, Nayak A, Murthy NS,
Dharmalingam M, Kalra P: Serum adiponectin levels in
gestational diabetes mellitus. Indian J Endocrinol Metab 2016,
20:752-755.
39. Pala HG, Ozalp Y, Yener AS, Gerceklioglu G, Uysal S, Onvural A:
Adiponectin levels in gestational diabetes mellitus and in
pregnant women without glucose intolerance. Adv Clin Exp
Med 2015, 24:85-92.
40. Ramirez VI, Miller E, Meireles CL, Gelfond J, Krummel DA,
Powell TL: Adiponectin and IGFBP-1 in the development of
gestational diabetes in obese mothers. BMJ Open Diabetes Res
Care 2014, 2:e000010.Current Opinion in Pharmacology 2018, 43:59–65 41. Retnakaran R, Hanley AJ, Raif N, Connelly PW, Sermer M,
Zinman B: Reduced adiponectin concentration in women with
gestational diabetes: a potential factor in progression to type
2 diabetes. Diabetes Care 2004, 27:799-800.
42. Chen J, Tan B, Karteris E, Zervou S, Digby J, Hillhouse EW,
Vatish M, Randeva HS: Secretion of adiponectin by human
placenta: differential modulation of adiponectin and its
receptors by cytokines. Diabetologia 2006, 49:1292-1302.
43.

Thagaard IN, Krebs L, Holm JC, Lange T, Larsen T, Christiansen M:
Adiponectin and leptin as first trimester markers for
gestational diabetes mellitus: a cohort study. Clin Chem Lab
Med 2017, 55:1805-1812.
This clinical study investigates the potential of adiponectin and leptin as
early predictors of GDM, finding that both may be potentially useful
biomarkers but particularly adiponectin.
44. Marroqui L, Gonzalez A, Neco P, Caballero-Garrido E, Vieira E,
Ripoll C, Nadal A, Quesada I: Role of leptin in the pancreatic
beta-cell: effects and signaling pathways. J Mol Endocrinol
2012, 49:R9-R17.
45. Kieffer TJ, Heller RS, Leech CA, Holz GG, Habener JF: Leptin
suppression of insulin secretion by the activation of ATP-
sensitive K+channels in pancreatic beta-cells. Diabetes 1997,
46:1087-1093.
46. Zhao AZ, Bornfeldt KE, Beavo JA: Leptin inhibits insulin
secretion by activation of phosphodiesterase 3B. J Clin Invest
1998, 102:869-873.
47. Kulkarni RN, Wang ZL, Wang RM, Hurley JD, Smith DM,
Ghatei MA, Withers DJ, Gardiner JV, Bailey CJ, Bloom SR: Leptin
rapidly suppresses insulin release from insulinoma cells, rat
and human islets and, in vivo, in mice. J Clin Invest 1997,
100:2729-2736.
48. Lupi R, Marchetti P, Maffei M, Del Guerra S, Benzi L, Marselli L,
Bertacca A, Navalesi R: Effects of acute or prolonged exposure
to human leptin on isolated human islet function. Biochem
Biophys Res Commun 1999, 256:637-641.
49. Yamashita H, Shao J, Ishizuka T, Klepcyk PJ, Muhlenkamp P,
Qiao L, Hoggard N, Friedman JE: Leptin administration prevents
spontaneous gestational diabetes in heterozygous Lepr(db/+)
mice: effects on placental leptin and fetal growth.
Endocrinology 2001, 142:2888-2897.
50. Morioka T, Asilmaz E, Hu J, Dishinger JF, Kurpad AJ, Elias CF, Li H,
Elmquist JK, Kennedy RT, Kulkarni RN: Disruption of leptin
receptor expression in the pancreas directly affects beta cell
growth and function in mice. J Clin Invest 2007, 117:2860-2868.
51. Soedling H, Hodson DJ, Adrianssens AE, Gribble FM, Reimann F,
Trapp S, Rutter GA: Limited impact on glucose homeostasis of
leptin receptor deletion from insulin- or proglucagon-
expressing cells. Mol Metab 2015, 4:619-630.
52.

Powe CE: Early pregnancy biochemical predictors of
gestational diabetes mellitus. Curr Diab Rep 2017, 17:12.
This recent paper covers the different biochemical markers that are
currently thought to be most potentially useful for GDM screening.
53. Tsiotra PC, Halvatsiotis P, Patsouras K, Maratou E, Salamalekis G,
Raptis SA, Dimitriadis G, Boutati E: Circulating adipokines and
mRNA expression in adipose tissue and the placenta in
women with gestational diabetes mellitus. Peptides 2018,
101:157-166.
54. Iciek R, Wender-Ozegowska E, Zawiejska A, Mikolajczak P,
Mrozikiewicz PM, Pietryga M, Brazert J: Placental leptin and its
receptor genes expression in pregnancies complicated by
type 1 diabetes. J Physiol Pharmacol 2013, 64:579-585.
55. Perez-Perez A, Guadix P, Maymo J, Duenas JL, Varone C,
Fernandez-Sanchez M, Sanchez-Margalet V: Insulin and leptin
signaling in placenta from gestational diabetic subjects. Horm
Metab Res 2016, 48:62-69.
56. Perez-Perez A, Maymo JL, Gambino YP, Guadix P, Duenas JL,
Varone CL, Sanchez-Margalet V: Activated translation signaling
in placenta from pregnant women with gestational diabetes
mellitus: possible role of leptin. Horm Metab Res 2013, 45:436-
442.www.sciencedirect.com
Placental peptides and islet adaptation Simpson, Smith and Bowe 6557. Lepercq J, Cauzac M, Lahlou N, Timsit J, Girard J, Auwerx J,
Hauguel-de Mouzon S: Overexpression of placental leptin in
diabetic pregnancy: a critical role for insulin. Diabetes 1998,
47:847-850.
58. Amisten S, Atanes P, Hawkes R, Ruz-Maldonado I, Liu B,
Parandeh F, Zhao M, Huang GC, Salehi A, Persaud SJ: A
comparative analysis of human and mouse islet G-protein
coupled receptor expression. Sci Rep 2017, 7:46600.
59.

Drynda R, Persaud SJ, Bowe JE, Jones PM: the placental
secretome: identifying potential cross-talk between placenta
and islet beta-cells. Cell Physiol Biochem 2018, 45:1165-1171.
This study identifies the GPCR ligands expressed by the placenta for
which the cognate receptors are also expressed by the islets, identifying
possible peptide signals that may potentially play a role in b-cell
adaptation.
60. Dhillo WS, Savage P, Murphy KG, Chaudhri OB, Patterson M,
Nijher GM, Foggo VM, Dancey GS, Mitchell H, Seckl MJ et al.:
Plasma kisspeptin is raised in patients with gestational
trophoblastic neoplasia and falls during treatment. Am J
Physiol Endocrinol Metab 2006, 291:E878-E884.
61. Hauge-Evans AC, Richardson CC, Milne HM, Christie MR,
Persaud SJ, Jones PM: A role for kisspeptin in islet function.
Diabetologia 2006, 49:2131-2135.
62. Bowe JE, Foot VL, Amiel SA, Huang GC, Lamb M, Lakey J,
Jones PM, Persaud SJ: GPR54 peptide agonists stimulatewww.sciencedirect.com insulin secretion from murine, porcine and human islets. Islets
2012, 4.
63. Bowe JE, King AJ, Kinsey-Jones JS, Foot VL, Li XF, O’Byrne KT,
Persaud SJ, Jones PM: Kisspeptin stimulation of insulin
secretion: mechanisms of action in mouse islets and rats.
Diabetologia 2009, 52:855-862.
64. Colledge WH: Transgenic mouse models to study Gpr54/
kisspeptin physiology. Peptides 2009, 30:34-41.
65. Cetkovic A, Miljic D, Ljubic A, Patterson M, Ghatei M,
Stamenkovic J, Nikolic-Djurovic M, Pekic S, Doknic M, Glisic A
et al.: Plasma kisspeptin levels in pregnancies with diabetes
and hypertensive disease as a potential marker of placental
dysfunction and adverse perinatal outcome. Endocr Res 2012,
37:78-88.
66.

Izzi-Engbeaya C, Comninos AN, Clarke SA, Jomard A, Yang L,
Jones S, Abbara A, Narayanaswamy S, Eng PC, Papadopoulou D
et al.: The Effects of Kisspeptin on beta-cell Function, Serum
Metabolites and Appetite in Humans. Diabetes Obes Metab 2018.
This study shows that kisspeptin administration in humans is able to
safely and effectively stimulate insulin secretion, raising the possibility of
future therapeutic use.
67. Butler AE, Cao-Minh L, Galasso R, Rizza RA, Corradin A, Cobelli C,
Butler PC: Adaptive changes in pancreatic beta cell fractional
area and beta cell turnover in human pregnancy. Diabetologia
2010, 53:2167-2176.Current Opinion in Pharmacology 2018, 43:59–65
